INTRODUCTION {#s1}
============

Cerebral palsy (CP) is a neurologic disorder that results from a defect or insult to the immature brain, and it is one of the most common causes of motor disability in childhood. CP describes a group of disorders of movement and posture, causing activity limitation and is attributed to non-progressive disturbances occurring in the developing fetal or infant brain[@r1]^)^. Children with CP suffer from motor and cognitive disabilities, which usually require a multi-faceted treatment strategy over many years involving a number of different health professionals[@r2]^)^. CP includes the following components: aberrant control of movement and/or posture, early onset, and no recognizable underlying progressive pathology. Disorders of movement and posture are caused by damage to the motor cortex. The consequences of chronic muscle imbalance and the resultant deformities can cause increasing disability with age[@r3], [@r5]^)^. One of the most significant problems for children with CP is defective postural control. Maintaining postural control, required for the performance of activities of daily living, is often a major challenge for children with CP[@r6]^)^. Children with CP show affected motor control with an associated pathological gait pattern due to injury to the central nervous system in the developing brain. Poor balance control is known to be an important causative element of the gait problems in these children[@r7], [@r8]^)^. The Nintendo Wii Fit ("Wii Fit") is a software/hardware game package for the Nintendo^®^ Wii, designed to improve balance and fitness, while providing entertainment[@r9]^)^. The Nintendo Wii system has been postulated to be effective at improving functional performance by enhancing flexibility, balance, strength and coordination training. The additional advantage of the Nintendo Wii system is the visual feedback that the participant receives during the training session. This visual feedback aids the participants improv balance, while the game simulation creates a perception that they can perform high level activities[@r10]^)^. The Nintendo Wii offers a simple and affordable mode of virtual reality therapy that is being increasingly used to treat children with cerebral palsy, but to date few studies of its efficacy have been published. Therefore the aim of the current study was to investigate the effects of Wii-based balance therapy on balance and walking function of patients with CP.

SUBJECTS AND METHODS {#s2}
====================

![Progress of study participants](jpts-25-1123-g001){#fig_001}

Fourteen patients with CP (3 girls, 11 boys) with an age range of 5--17 participated in this study ([Fig. 1](#fig_001){ref-type="fig"}). The enrollment period was between December 2011 and June 2012. The patients were recruited from the pediatric neurology outpatient clinic of the Department of Pediatric Neurology, Faculty of Medicine, Istanbul University, and were diagnosed with CP. Participants had normal or mild level intellectual disability according to their health records. Exclusion criteria were the presence of epilepsy, Gross Motor Function Classiﬁcation System Expanded and Revised **(**GMFMCS-ER) level 4 or 5, spasticity of 3 or more according to Modified Ashworth Scale in the lower extremities, and inability to cooperate with exercise or measurement. All patients and their parents were informed about the study, and written informed consent was obtained from the parents of the patients. The study was approved by the Ethics Committee of Istanbul University and was conducted in accordance with the Decleration of Helsinki. A demographic data form was filled in by a physiotherapist. Patients\' weight and height were measured and body mass index (BMI) was calculated as the weight divided by the square of the height. Clinical features such as disease duration, and the subtype of CP were assessed by a pediatric neurologist.

The Gross Motor Function Classiﬁcation for CP (GMFCS) is a ﬁve-level classiﬁcation. In short, class 1 means that the child is freely ambulatory, class 2 means inability to run or jump, class 3 means dependency on devices for walking, and classes 4 and 5 mean non-ambulatory CP[@r11]^)^. The GMFMCS-ER was developed using the 12-to18 year age band, on the basis of the concept that performance of gross motor function is influenced by physical, social, and attitudinal environment and personal factors such as preferences, interests, and motivation in 2007[@r12]^)^. The gross motor level of children with CP was assessed using the GMFMCS-ER in our present study.

The one leg standing test is a commonly used balance assessment of postural stability among physiotherapist and occupational therapists. Patients are given specific instructions to stand on one leg for as long as possible in one of two conditions, with the eyes open or eyes closed. Times are then recorded for the duration that the position was held[@r13], [@r14]^)^. The one leg standing test is considered to be potentially useful for predicting functional decline, and has been shown to be sensitive to clinical interventions[@r15]^)^. We used only the one leg standing with eyes open in present study. The Timed Up and Go test (TUG) was designed to measure speed during functional tasks that potentially threaten balance[@r16]^)^. Balance in basic mobility manoeuvres is tested with the TUG. The participants sat on a standard armchair and were instructed to get up and walk at a comfortable and safe pace to a line on the floor 3 metres away, turn around, return to the chair and sit down again. The time required to complete the task was recorded. One practice session was performed once before the actual test.

The functional reach test (FRT) was developed as a measure of the margin of stability. The FRT has been used to describe and monitor an individual\'s balance and to screen for or predict an individual who is at risk of falling. The FRT is an easily administered performance-based measure. The test consists of measuring the distance that an individual can reach forward without moving his or her feet. The score is the distance that the person can reach. Variations of the test, having individuals reach in different directions, have been suggested[@r17]^)^.

The 6-minute walking test has been used as a measure of the functional status of patients. The test was performed on an 8-meter track in a straight corridor as described in the literature. Patients were instructed to cover the largest possible distance in 6 minutes at a self-chosen walking speed. Turns were made on both ends of the 8-meter track. The distance walked was recorded with a lap counter. Each time the patient returned to the starting line, the lap counter was clicked once. Every minute the patients were encouraged in a standardized way, and time, recorded with a stopwatch, was called every minute[@r18]^)^.

###### Outline of Wii-Fit exercise program

  Parameter             Description
  --------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Ski Slalom            Ski Slalom elicits a lower limb balance strategy and improves loading of the lower extremities
  Soccer heading        This game improves movements of the trunk and extremities in a large spectrum of balance perturbations that vary in both amplitude and location of the destabilizing force.
  Tilt Table            Tilt table elicits control over the whole body through dynamic balance training on a virtual balance board.
  Walking a tightrope   Walking on the tightrope improves dynamic balance and trunk control through right and left transfer of body weight.
  Repetition            Each game was played 3 times in 1 set
  Duration              40 minute
  Frequency             2 days/week for 12 weeks

Nintendo Wii Fit balance evaluation and treatment were performed in a darkened room. Nintendo Wii Fit image projection was reflected on the wall. The patients\' demographic information were recorded in the system, and the right and left foot as a percent of the total weight on the balance board was registered by the system. The time of one-leg standing was also recorded by the device. Then Wii Fit age was calculated by the device. If the Wii age of the person is greater than their actual age, it shows inability in exercise and balance.

A physiotherapist prescribed the Wii Fit activities, and supervised and supported the patients during the therapy sessions. Wii training was performed in a standardized program, 2 times a week for 12 weeks, with sessions lasting approximately 40 minutes. The exercise program included balance exercises on the Wii balance board. The training program was updated to higher levels of games every 4 weeks. In each session, the patients played the four games of the system. A brief explanation of the purpose of each one of these games can be found in [Table 1](#tbl_001){ref-type="table"}. All the participants were assessed before and after the training program by a physiotherapist.

The data were evaluated using the Statistical Package for Social Science (SPSS) v.17.0 software for Windows and by analysing descriptive statistics (frequency, mean, and standard deviation (SD). The Mann-Whitney U Test was used to determine the effects of the exercise program. A significance level of 0.05 was used.

RESULTS {#s3}
=======

###### The demographic and clinical features of the patients

  --------------------------------- ----------------
  Age (years) (mean(SD))            12.07 (3.36)
  BMI (kg/m^2^) (mean(SD))          18.58 (3.84)
  Sex (F/M) (n)                     3/11
  CP subtype (n)                    
  diplegic CP                       7
  hemiplegic CP                     5
  dyskinetic CP                     2
  GMFMCS-ER (median score- range)   2 (range 1--3)
  --------------------------------- ----------------

SD: standard deviation, BMI: body mass index, F: female, M: male, CP: cerebral palsy, GMFMCS-ER: Gross motor function classiﬁcation system expanded and revised

###### The level of GMFMCS-ER and Modified Ashworth Scale of all participants

  Patients   GMFMCS-ER   MAS                                
  ---------- ----------- ------ ------ ------ ------ ------ ------
  1          II          1^+^   1^+^   2      1^+^   1^+^   1^+^
  2          II          1      1      1      1      1^+^   1^+^
  3          I           1^+^   0      1      0      1^+^   0
  4          I           1^+^   0      1^+^   0      1^+^   0
  5          I           0      1      0      1      0      1
  6          II          1^+^   1^+^   1^+^   1^+^   1^+^   1^+^
  7          II          1^+^   1^+^   1^+^   1^+^   1^+^   1^+^
  8          II          0      1^+^   0      2      0      1^+^
  9          II          1^+^   1^+^   1^+^   1^+^   1^+^   1^+^
  10         II          1^+^   1^+^   1^+^   1^+^   1^+^   1^+^
  11         II          1      1      1      1      1      1
  12         I           0      1      0      1      0      1^+^
  13         II          1      1      1      1^+^   1      2
  14         III         1      2      1      2      1      2

GMFMCS-ER: Gross motor function classiﬁcation system expanded and revised., MAS: Modified Ashworth Scale, Flex: Flexion, R: Right, L: Left, HMS: Hamstring, GCS: Gastrocnemius

###### The changes in outcome measures

  Outcome measures                Pre-treatment Mean (SD)   Post-treatment Mean (SD)
  ------------------------------- ------------------------- --------------------------
  One Leg Standing Test-R (sec)   6.60 (8.95)               7 (7.99)\*
  One Leg Standing Test-L (sec)   5.41 (6.43)               8.50 (9.36)\*
  Timed Up and Go Test (sec)      18.26 (4.22)              14.57 (5.39)\*
  Functional reach test (cm)      20.78 (9.09)              22.5 (10.75)\*
  6-Minute Walking Test (m)       312.71 (95.20)            333.42 (89.66)\*
  Wii Fit parameters                                        
  One Leg Standing Test-L (sec)   5.34 (4.59)               10.37 (2.07)\*
  Left Foot Stability (score)     5 (2.76)                  18.35 (12.32)\*
  Wii age                         44.64 (5.59)              38.42 (14.65)\*

SD: Standard deviation, sec: second, cm: centimeter. \*Significantly different from pre-treatment p\<0.05

###### The changes in Wii game scores

  Outcome measures              Pre-treatment Mean (SD)   Post-treatment Mean (SD)
  ----------------------------- ------------------------- --------------------------
  Ski Slalom (error score)      11.21 (3.23)              5.14 (3.48)\*
  Soccer heading (score)        17.71 (9.60)              55.07 (37.93)\*
  Tilt Table (score)            11.42 (12.92)             48.42 (29.29)\*
  Walking a tightrope (meter)   2.30 (1.37)               3.24 (1.49)\*

SD: Standard deviation, \*Significantly different from pre-treatment to post-treatment p\<0.05

A total of 26 eligible patients with CP were included in this study. Twelve patients left the study and 14 patients completed our study. The patient population comprised 7 diplegic type CP, 5 patients with hemiplegic type CP, and 2 patients with dyskinetic type CP. The demographic and clinical features of the patients are shown in [Table 2](#tbl_002){ref-type="table"}. Their mean age was 12.07 years (SD 3.36, range 11--16 years) . The median score of the GMFMCS-ER was 2 (range 1--3). [Table 3](#tbl_003){ref-type="table"} shows the levels of the GMFMCS-ER and Modified Ashworth Scale scores of all the participants. The changes in outcome measures at the end of training program for one leg standing time, the timed up and go test, the functional reach test, the 6- minute walking test and Wii Fit parameters are shown in [Table 4](#tbl_004){ref-type="table"}. At the end of training program the Wii game score changes are shown in [Table 5](#tbl_005){ref-type="table"}. Statistically significant improvements (p\<0.05) were found in all the outcome measures, Wii Fit parameters and Wii game scores of the participants after 12 weeks.

DISCUSSION {#s4}
==========

The results of our study show that CP patients participating in a 12-week Wii Fit training program showed improved balance function and walking. Functional balance, which is an element of postural control, allows a child to perform activities of daily living (ADL), social activities, and recreational activities at home, school, and in the community. Motor disorders are often accompanied by poor balance control in patients with CP. Children with CP may have impaired postural balance that contributes to their gait abnormalities[@r19]^)^. Therefore, the main focus of this study was to improved balance parameters and functional walking. Our study showed significant improvements in balance parameters of CP patients after the Wii-based balance therapy. Health care professionals have begun to use interactive gaming systems and technology to help rehabilitate patients with musculoskeletal and neurologic conditions. The growing popularity of interactive gaming is partially due to the belief that playing interactive video games during a rehabilitation session can direct a patient\'s focus away from the repetitive and mundane nature of rehabilitation exercises and toward the fun and competitive aspects of the video game[@r20]^)^. The literature include some d studies of interactive games, especially Wii Fit games, in different neurological diseases and geriatrics[@r21], [@r22]^)^. However in the literature, we found only a few trials demonstrating the benefits of Wii-based training for CP patients. Deutsch et al.[@r23]^)^ demonstrated that Wii games improved visual perception, posture and functional mobility with Wii games in a case study with spastic diplegic CP. Unlike our study, Ramstrand et al.[@r24]^)^ recruited eighteen children with hemiplegic or diplegic CP. The patients completed Wii fit training at home over five weeks. Their results suggest that use of a Nintendo Wii balance board and Wii Fit software for a minimum of thirty minutes per day in the patient\'s own home, over a five week period, is not effective as a balance training tool for children with CP. Jelsma et al.[@r25]^)^ included 14 children with spastic hemiplegic cerebral palsy in their study. Nintendo Wii Fit training in lieu of regular physiotherapy was given for 3 weeks. Outcome measures included modified balance score running speed, and agility scales of the Bruininks-Oserestky test of Motor Performance, and the timed ascent and descent of stairs. Their study showed balance scores improved significantly but Nintendo Wii Fit training should not be used in place of conventional therapy, and further research is needed into its use as an adjunct to therapy. Nintendo Wii includes a lot of games. We aimed to improve the balance of children with CP in this study. For this reason, we used the ski slalom, soccer heading, tilt table and walking a tightrope games to attempt to improve their balance. Michalski et al.[@r26]^)^ evaluated postural control strategies healthy individuals use to play Wii Fit videogames. Sixteen young adults played 10 trials of ski slalom and soccer heading respectively. Centre of pressure (COP) excursion and three-dimensional movement data were acquired to determine variability in medial--lateral COP sway and shoulder--pelvic movement. While there was no difference in medial--lateral COP variability between games during trial 1, there was a significant difference after 10 trials.

Our study found improvements in the FRT, TUG, and the 6- minute walking test. The interventions chosen to improve gait were ski slalom, soccer heading, tilt table and walking a tightrope games. The games improved movements of the trunk and extremities through a large spectrum of balance perturbations that vary in both amplitude and location of the destabilizing force. At the same time these games improve dynamic balance and trunk control through right and left transfer of body weight. Therefore scores improved in FRT, TUG, and the 6-minute walking test.

There were two limitations to our study. First, we did not have homogeneous sub-groups of CP patients. Second, it was a small sample size from only one clinic. This study is important for the spread of Wii Fit use in the rehabilitation of cerebral palsy in our country. Therapists working in this area will provide a different perspective.

In conclusion, this study demonstrated that Wii based balance training has the potential to improve the balance and functional walking of patients with CP. This Wii-based training is more fun and provides motivation, and may be a preferable method of treatment for children with CP. Further research is needed to develop evidence-based guidelines for Wii-based balance therapy in CP.
